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(57) ABSTRACT 

A compact selfballasted ?uorescent lamp includes a ?uo 
rescent arc tube forming a crooked discharge path, a housing 
comprised of a ?rst end portion open to be ?t thereon With 
a bulb-base, a middle portion and a second end portion open 
to be mounted thereto With the ?uorescent arc tube, a 
lighting circuit module accommodated in the housing, the 
unit being provided With a circuit board and tWo or more 
circuit components mounted on the circuit board for con 
stituting a lighting circuit for lighting the ?uorescent arc 
tube, and a thermal conductor having a thermal conductivity 
of 0.1 or more, Which is ?lled in the housing, 
extending upwards from a components mounting side of the 
circuit board of the lighting circuit module and contacting 
With the inner Wall of the housing lying on the side of the 
?rst end portion of the housing, thereby covering at least one 
of the circuit components of the lighting circuit. 
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COMPACT SELFBALLASTED FLUORESCENT 
LAMP AND LUMINAIRE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from the prior Japanese Patent Applica 
tions JP2001-335662 ?led on Oct. 31, 2001, JP2001-397205 
?led on Dec. 27, 2001 and JP2002-97684 ?led on Mar. 29, 
2002, the entire contents of Which are incorporated herein by 
reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to a compact selfbal 
lasted ?uorescent lamp and a luminaire. 

BACKGROUND OF THE INVENTION 

[0003] A compact selfballasted ?uorescent lamp is com 
posed of one integrated ?uorescent arc tube Whose discharge 
path is formed by crooked tubes and a housing for support 
ing the ?uorescent arc tube. The housing has a bulb-base and 
accommodates a lighting circuit module for lighting the 
?uorescent arc tube. 

[0004] In such a compact selfballasted ?uorescent lamp, 
there is a great concern that the temperature rise Within the 
housing during lighting causes a bad in?uence on the circuit 
components of the lighting circuit. In order to prevent the 
temperature rise Within the housing caused by the heat of the 
lighting circuit module, it is knoWn as a technique of ?lling 
synthetic resin in the space betWeen the circuit board and the 
housing so as to contact them With each other, as disclosed 
in, e.g., the JP-A 57-50762. 

[0005] In the conventional technique, synthetic resin is 
?lled in the space betWeen the circuit board and the inner 
Wall of the housing, contacts the circuit components 
mounted on the circuit board and the inner Wall of the 
housing. Thus heat of the lighting circuit module utiliZing 
the electronic ballast is dissipated by conducting through the 
synthetic resin. Hereby, While the lighting ef?ciency of the 
?uorescent arc tube being improved, the temperature rise in 
the lighting circuit module could be depressed. Further, it is 
not necessary to de?ne an air hole in a housing and to use 
an expensive glove having high heat resistance either. 

[0006] HoWever, as the compact selfballasted ?uorescent 
lamp is high-poWered and miniaturiZed the space for accom 
modating the luminaire becomes much more narroW. As a 
result, the temperature Within the housing rises further. In 
case of an inverter circuit, Wherein the lighting circuit 
mounted in a compact selfballasted ?uorescent lamp is 
composed of circuit components, some circuit components 
relatively vulnerable to heat are included in them. Thus, it is 
necessary to prevent overheating inside the housing by more 
ef?ciently dissipating heat in the housing in order to protect 
the circuit components. Furthermore, the practical speci? 
cation of the synthetic resin for dissipating heat inside the 
housing has to be adopted in consideration of the heat 
resistance of the circuit board or circuit components. HoW 
ever, neither detailed analyses nor sufficient developments 
for making heat inside the housing not to defect the lighting 
circuit module have been proceeded. 

SUMMARY OF THE INVENTION 

[0007] The present invention has an object to provide a 
compact selfballasted ?uorescent lamp Which has a high 
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reliability in the lighting circuit module by ef?ciently dis 
sipating heat inside the housing, in consideration of dissolv 
ing the problems as described above. 

[0008] A compact selfballasted ?uorescent lamp accord 
ing to the ?rst aspect of the invention, comprising a ?uo 
rescent arc tube forming a crooked discharge path, a housing 
comprised of a ?rst end portion open to be ?t thereon With 
a bulb-base (hereinafter referred to as bulb-base applying 
end portion), a middle portion and a second end portion open 
to be mounted thereto With the ?uorescent arc tube (here 
inafter referred to as ?uorescent arc tube module applied 
portion), a lighting circuit module accommodated in the 
housing, the unit being provided With a circuit board and tWo 
or more circuit components mounted on the circuit board for 
constituting a lighting circuit for lighting the ?uorescent arc 
tube, and a thermal conductor having a thermal conductivity 
of 0.1 or more, Which is ?lled in the housing, 
extending upWards from a components mounting side of the 
circuit board of the lighting circuit module and contacting 
With the inner Wall of the housing lying on the side of the 
?rst end portion of the housing, thereby covering at least one 
of the circuit components of the lighting circuit. 

[0009] The thermal conductor is desirable to have heat 
conductivity higher than air, and have moderate ?uidity at 
the time of ?lling the thermal conductor in the housing. 

[0010] In order to ef?ciently dissipate heat of the lighting 
circuit module developed by itself or conducted from the 
?uorescent arc tube, the thermal conductor ?lled in the 
housing in proximity to the circuit components developing 
a large amount of heat or contacted With a part of or Whole 
surface of the circuit component, and also it is desired to 
contact With the housing inner Wall as large an area as 
possible. 

[0011] The circuit components subject to the heat dissi 
pation by the thermal conductor may be not only those 
developing a large amount of heat but also those having loW 
heat resistance. That is, it is because the thermal conductor 
has a function to prevent heat affection on the circuit 
components having loW heat conductor. 

[0012] A housing for accommodating the lighting circuit 
module for lighting the ?uorescent arc tube is made of 
synthetic resin or a metal With thickness of 0.5 to 3 mm in 
general. 

[0013] An area surrounding the circuit components of the 
lighting circuit module inside the housing is relatively large. 
Accordingly, the thermal conductor is able to contact With 
the housing inner Wall over relatively large area, so that it is 
able to conduct and dissipate heat developed inside the 
housing to the outside. 

[0014] In order to conduct heat from the circuit compo 
nents to the housing ef?ciency, it needs to enhance the 
thermal conductivity of the thermal conductor. It Was experi 
mentally con?rmed that it Was able to ef?ciently loWer the 
temperature inside the housing When the thermal conductor 
has a thermal conductivity more than 0.1 As the 
thermal conductor having such thermal conductivity, for 
example, silicone resin or epoxy resin are suitable. 

[0015] In case of an integrated crooked ?uorescent arc 
tube, its cooked portions may have a semicircle shape or a 
horseshoe shape. Alternatively, adjacent tWo straight tubes 



US 2003/0080691 A1 

of parallel-aligned tWo crooked tubes may be coupled 
through a coupling tube communicating With their sides near 
the respective tube ends in order to form a crooked discharge 
path. 
[0016] In the compact selfballasted ?uorescent lamp 
according to the ?rst aspect of the invention, at least one of 
the circuit components mounted on the circuit board of the 
lighting circuit module is covered With the thermal conduc 
tor Whose thermal conductivity is more than 0.1 W/(mK), 
While the thermal conductor contacts With the inner Wall of 
the housing, thereby it is able to ef?ciently dissipate heat 
developed by the circuit components via the thermal con 
ductor. 

[0017] A compact selfballasted ?uorescent lamp accord 
ing to the second aspect of the invention, comprising a 
?uorescent arc tube forming a crooked discharge path, a 
housing having a bulb-base applying end portion, a middle 
portion and a second end portion open to be mounted thereto 
With the ?uorescent arc tube, a lighting circuit module 
accommodated in the housing, the unit being provided With 
a circuit board and tWo or more circuit components mounted 
on the circuit board for constituting a lighting circuit for 
lighting the ?uorescent arc tube, and a thermal conductor 
?lled in the housing in contacting With the inner Wall of the 
housing, thereby covering some circuit components of the 
lighting circuit module, Wherein the housing excepting the 
bulb-base applying end portion has an outer surface area per 
unit lamp poWer not exceeding 500 mmZ/W. 

[0018] The term “bulb-base ?tting portion of the housing” 
means a cylindrical portion formed on one end of the 
housing, Whereon the bulb-base is to be ?t. 

[0019] When the housing excepting the bulb-base apply 
ing end portion has an outer surface area per unit lamp 
poWer more than 500 mmZ/W, it suffers affections of heat 
developed by the lighting circuit module itself and the 
?uorescent arc tube. HoWever, in such a conventional com 
pact selfballasted ?uorescent lamp Wherein a Whole surface 
are of the housing is large, the heat spreads Within the 
housing, While it is dissipated from the housing With a very 
large surface. Thus, the temperature in the housing is less apt 
to rise so high to deteriorate the lighting circuit module. 
Therefore, it Would not be required to ?ll the thermal 
conductor in the housing for ef?ciently dissipating heat 
inside the housing differently from such a conventional 
technique. 
[0020] In the compact selfballasted ?uorescent lamp 
according to the second aspect of the invention, even though 
the compact selfballasted ?uorescent lamp is miniaturiZed 
but high-poWered so as that the housing excepting the 
bulb-base ?tting portion has an outer surface area per unit 
lamp poWer not exceeding 500 mmZ/W, the lighting circuit 
module is less deteriorated from the heat affection since the 
thermal conductor ?lled in the housing Which covers at least 
one of the circuit components of the lighting circuit module 
and contacts the inner Wall of the housing ef?ciently dissi 
pates heat developed by the lighting circuit module and the 
?uorescent arc tube. 

[0021] In addition to the feature of the second aspect of the 
invention, in the compact selfballasted ?uorescent lamp 
according to the third aspect of the invention, the thermal 
conductor contacts the inner Wall of the housing more than 
30% thereof. 
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[0022] When the area that the thermal conductor contacts 
With the housing inner Wall is not more than 30% of the inner 
Wall of the housing, it is difficult to suf?ciently dissipate 
heat, and the amount of heat conducted from the ?uorescent 
arc tube exceeds the amount of heat developed by the 
lighting circuit module, so that the temperature in the 
housing rises even though the thermal conductor is ?lled in 
the housing. In order to provide a lighting circuit module 
With a high reliability by restraining occurrences of failures 
in the lighting circuit module by the heat affections, it is 
necessary make the contacting area to 30% or more of the 
inner Wall of the housing. 

[0023] According to the third aspect of the invention, the 
compact selfballasted ?uorescent lamp is able to reliably 
dissipate heat in the housing through the thermal conductor 
and the housing. 

[0024] In addition to the feature of any one of the ?rst to 
third aspects of the invention, the compact selfballasted 
?uorescent lamp according to the fourth aspect of the 
invention is characteriZed by that the thermal conductor of 
the compact selfballasted ?uorescent lamp is curable and has 
a viscosity of 10 to 500 Pa-s in being ?lled in the housing. 

[0025] It is desirable for manufacturing the compact self 
ballasted ?uorescent lamp that the thermal conductor is 
?lled in the housing after that the lighting circuit module has 
been accommodated in the housing. In this case, in order to 
?ll up the thermal conductor in narroW gaps betWeen the 
circuit components arranged densely and the housing inner 
Wall, the thermal conductor is desired to have a moderate 
?uidity capable of ?oWing into the narroW gaps at the time 
of ?lling. 

[0026] In order to satisfy such a condition, it Was experi 
mentally con?rmed that the viscosity of the thermal con 
ductor should be not exceeding 500 Pa-s in being ?lled in the 
housing. Furthermore, the thermal conductor ?oWs out of 
the gap formed betWeen the circuit board and the ?uorescent 
arc tube holder before it is cured if the viscosity of the 
thermal conductor is loW. So, it Was experimentally con 
?rmed that the ?oWing of the thermal conductor could be 
prevented if the thermal conductor has the viscosity more 
than 10 Pa~s. 

[0027] The viscosity of the thermal conductor is de?ned in 
the Japanese Industrial Standards JIS-K 6300. 

[0028] In the compact selfballasted ?uorescent lamp 
according to the fourth aspect of the invention, it is able to 
?ll up the thermal conductor in the space betWeen the circuit 
components and the housing inner Wall Without leaving any 
gap, and also it is able to prevent the thermal conductor from 
?oWing out of the gap betWeen the circuit board and the 
?uorescent arc tube holder. 

[0029] In addition to the feature of any one of the ?rst to 
fourth aspects of the invention, the compact selfballasted 
?uorescent lamp according to the ?fth aspect of the inven 
tion is characteriZed by that the hardness of the thermal 
conductor of the compact selfballasted ?uorescent lamp is 
not more than 100 JIS-A after cured. 

[0030] The cured thermal conductor after ?lled in the 
housing expands by heat developed by the ?uorescent arc 
tube and the lighting circuit module While lighting, and then 
it presses the circuit components, circuit board, and housing. 
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Thus, it Was found that the thermal stress causes the problem 
such as a crack. So, it Was experimentally found that it is 
able to prevent the thermal stress of the expanded thermal 
conductor to the circuit components, circuit board, and 
housing by setting the hardness of the thermal conductor 
after cured not more than a predetermined value. 

[0031] The hardness of the thermal conductor is de?ned in 
the Japanese Industrial Standards JIS-K 6253. 

[0032] In the compact selfballasted ?uorescent lamp 
according to the ?fth aspect of the invention, since the 
hardness of the thermal conductor after cured is not more 
than 100 JIS-A, the thermal stress of the thermal conductor 
applied to the circuit components is lessen in spite of the 
thermal expansion of the thermal conductor, so as not to 
cause the problem to the circuit components. 

[0033] In addition to the feature of any one of the ?rst to 
?fth aspects of the invention, the compact selfballasted 
?uorescent lamp according to the sixth aspect of the inven 
tion is characteriZed by that the thermal conductor contains 
a ?ller more than 0.1% by mass, Which is made of at least 
one of oxide, nitrogen oxide, and oxide hydrogen of one 
element among a group consisting of aluminum (Al), silicon 
(Si), titanium (Ti), and magnesium (Mg). 
[0034] As an additive for enhancing the thermal conduc 
tivity of the thermal conductor, for instance, there are oxides 
such as A1203, TiO2, SiO2, MgO, nitrides such as AlN, 
Si3N4, and hydrates such as Al2O3-nH2O, TiOZ-nHZO, 
Mg(OH)2~ 
[0035] In the compact selfballasted ?uorescent lamp 
according to sixth aspect of the invention, an amount of heat 
developed by the ?uorescent arc tube increases With a 
miniaturiZation of the ?uorescent arc tube, and the tempera 
ture in the housing accommodating the lighting circuit 
module increases as the miniaturiZation of the housing. 
HoWever, by adding more than 0.1% by mass of ?llers made 
of at least one of oxide, nitrogen oxide, and oxide hydrogen 
of one element among a group Which consists of aluminum 
(Al), silicon (Si), titanium (Ti), and magnesium (Mg) to the 
thermal conductor Which is ?lled in the housing, the thermal 
conductivity of the thermal conductor in the housing heated 
to high temperatures Will be better, so that it is able to 
ef?ciently dissipate heat from the circuit components and the 
?uorescent arc tube and also able to control to prevent the 
heat affection to the lighting circuit. 

[0036] In addition to the feature of any one of the ?rst to 
sixth aspects of the invention, the compact selfballasted 
?uorescent lamp according to the ?fth aspect of the inven 
tion is characteriZed by that the thermal conductor contains 
oligomers not more than D10 in the total content not 
exceeding 5000 ppm. 

[0037] The term “constituents not more than D10” means 
those of monomers Which stay in not combined completely. 
When these constituents are used as the thermal conductor, 
these are easily emitted as impurity gas from silicone resin 
Which becomes high temperature during the operation. 
When the total content of the oligomer constituents not more 
than D10 that are monomers staying in being not combined 
completely is more than 5000 ppm, the impurity gas is 
generated more, and constituents gasi?ed during the lamp 
operation adhere to a glass glove, so that the light transmit 
ting efficiency of the ?uorescent arc tube is deteriorated. 
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When the total content of the oligomer constituents not more 
than D10 is not exceeding 5000 ppm, although constituents 
With less amount of monomers are easily gasi?ed, the light 
transmitting ef?ciency of the ?uorescent arc tube is not 
deteriorated since the oligomer constituents Which adhere to 
the glass glove are not much. Accordingly, the total content 
of the oligomer constituent should not exceed 5000 ppm. It 
is desirable to have less oligomer constituents, since the less 
it contains the oligomer constituents, the less gases are 
generated during the lighting operation. HoWever, the less it 
contains the oligomer constituents, the more the thermal 
conductor Will be expensive, so that it is desirable to contain 
the oligomer constituent not more than D10 in the thermal 
conductor Will be about 2000 ppm. 

[0038] In the compact selfballasted ?uorescent lamp 
according to the seventh aspect of the invention, by speci 
fying the monomer and a total content of the oligomer 
constituent of the thermal conductor Which is ?lled in the 
housing heated to high temperature, it is able to control the 
amount of gas generated from the oligomer constituents of 
the thermal conductor. 

[0039] In addition to the feature of any one of the ?rst to 
seventh aspects of the invention, the compact selfballasted 
?uorescent lamp according to the eighth aspect of the 
invention is characteriZed by that the thermal conductor is 
?lled in the housing so as to contact With at least a metal 
portion of the bulb-base. 

[0040] Since at least a node of the bulb-base is made of a 
metal, the thermal conductivity is relatively high. Therefore, 
it is able to dissipate heat effectively by conducting heat in 
the housing via the thermal conductor Which put to the metal 
part of the bulb-base. 

[0041] In the compact selfballasted ?uorescent lamp 
according to the eighth aspect of the invention, in addition 
to an effect of any one of the ?rst to the seventh aspects of 
the invention, since at least the node of the bulb-base is made 
of a metal Which has high thermal conductivity, the radiating 
effect is further heightened by conducting heat from the 
thermal conductor to the bulb-base. 

[0042] In addition to the feature of any one of the ?rst to 
eighth aspects of the invention, the compact selfballasted 
?uorescent lamp according to the ninth aspect of the inven 
tion is characteriZed by that a ?ne tube enclosing an amal 
gam is mounted on the tube end of the compact selfballasted 
?uorescent lamp, and that the thermal conductor is able to 
contact With the ?ne tube by being ?lled through through 
holes de?ned in the circuit board. 

[0043] The through-hole de?ned in the circuit board, that 
is a hole through Which a ?ne tube is penetrable from the 
back of the board, is desirable to be formed a little bigger 
than a ?ne tube outer diameter. 

[0044] The term “?ne tube and the thermal conductor 
contact each other” means that the end of the ?ne tube may 
contact With the circuit board surface, or it may penetrate 
through the hole in the circuit board to the bulb-base side. In 
short, the thermal conductor and the ?ne tube may contact 
each other. 

[0045] In the compact selfballasted ?uorescent lamp 
according to ninth aspect of the invention, in case of that the 
thermal conductor and the ?ne tube contact each other, since 
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heat from the circuit components is conducted to the ?ne 
tube via the thermal conductor, the amalgam is Wormed 
quickly, and the mercury evaporates at an early stage right 
after lighting operation, so that the luminous ?ux start-up 
characteristic can be improved. 

[0046] A compact selfballasted ?uorescent lamp accord 
ing to the tenth aspect of the invention, comprising a 
?uorescent arc tube forming a crooked discharge path, a 
housing comprised of a ?rst end portion open to be ?t 
thereon With a bulb-base, a middle portion and a second end 
portion open to be mounted thereto With the ?uorescent, a 
light circuit module provided With tWo ore more circuit 
components including an electrolytic capacitor Which con 
stitutes a light circuit for lighting the ?uorescent arc tube on 
and a circuit board to Which these circuit components are 
mounted, and is accommodated in a housing, and a thermal 
conductor Which is ?lled in the housing so as to contact With 
the inner Wall of the housing above the upper side of the 
circuit board of the lighting circuit module, thereby covering 
the circuit components of the lighting circuit modules 
excepting at least a safety valve of an electrolytic capacitor. 

[0047] The term “portion excepting a safety valve of an 
electrolytic capacitor” means a portion of the electrolytic 
capacitor shaped in approximately cylindrical excepting its 
bulb-base side, Which indicates a housing for covering 
impregnated element and a sealing portion for sealing the 
housing formed on the ?uorescent arc tube side, and Which 
may also contain lead Wires lead out of the sealing portion. 

[0048] Like a conventional technique Wherein all the 
circuit components mounted on the bulb-base side among 
the circuit components mounted on the circuit board are 
covered by synthetic resin material, in case of keeping 
lighting the lamp at high temperature to the extent that the 
temperature in the housing exceeds a rated acceptable tem 
perature or in a housing of being applied a voltage at the life 
last stage When inner electrolysis liquid vaporiZes and 
decreases, the electrolytic capacitor tends to open the safety 
valve. HoWever, if the safety valve of the electrolytic 
capacitor is completely covered by synthetic resin, the safety 
valve Will not be opened, so that the electrolytic capacitor 
Would explode. Therefore, the thermal conductor is needed 
to cover a portion excepting the safety valve of the electro 
lytic capacitor. 

[0049] In the compact selfballasted ?uorescent lamp 
according to the tenth aspect of the invention, since the 
thermal conductor covers a portion excepting a safety valve 
of the electrolysis capacitor, the safety valve is able to be 
opened in case of that the lamp is kept lighted at high 
temperature that exceeds the rated acceptable temperature of 
the electrolysis capacitor or at the life last stage When the 
electrolysis liquid of the electrolysis capacitor decreases, 
thereby it is able to prevent a risk such as a burst. 

[0050] In addition to the feature of any one of the ?rst to 
tenth aspects of the invention, the compact selfballasted 
?uorescent lamp according to the eleventh aspect of the 
invention is characteriZed by that the ?uorescent arc tube 
holder mounted on the second end portion of the housing is 
made of synthetic resin containing at least ?ame retardant. 

[0051] Although synthetic resin containing ?ame retardant 
also contains a bromine compound to enhance the ?ame 
retardance, it generates gases of halogen such as bromine in 
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response to the heat and the ultraviolet rays from the 
?uorescent arc tube. When the halogen gases encroach on an 
inside the lighting circuit module through the gap betWeen 
the circuit board and the rubber packing as a sealing metal 
of the circuit board, it Will corrode the electrolytic capacitor 
and causes problems. Therefore, it is desirable not to use 
synthetic resin containing ?ame retardant for a compact 
selfballasted ?uorescent, Which is lighted at a high tempera 
ture as much as possible. HoWever, such synthetic resin 
Which does not contain a?ame retardant is expensive, so that 
it Will make the compact selfballasted ?uorescent lamp 
expensive. In the present invention, a rubber packing portion 
as a sealing material is covered completely by the thermal 
conductor in order to seal the gap betWeen the ?uorescent 
arc tube holder and the circuit board, thereby it is able to 
prevent the invasion of halogen gases into the lighting 
circuit module. 

[0052] In the compact selfballasted ?uorescent lamp 
according to the eleventh aspect of the invention, in addition 
to the operations according to the ?rst to the tenth aspects of 
the invention, it is able to provide an inexpensive compact 
selfballasted ?uorescent lamp by using synthetic resin con 
taining ?ame retardant. 

[0053] In addition to the feature of any one of the ?rst to 
eleventh aspects of the invention, the compact selfballasted 
?uorescent lamp according to the tWelfth aspect of the 
invention is characteriZed by that all tube ends of the 
compact selfballasted ?uorescent lamp are placed so as to 
face the circuit board. 

[0054] Although in such a conventional compact selfbal 
lasted ?uorescent lamp, one integrated crooked tube is 
accommodated in a glove, positions or con?gurations of the 
tube ends are not practically speci?ed. Furthermore, in 
previous Well-knoWn techniques, a ?uorescent arc tube Was 
not thinned to the extent that the tube-Wall load rises, and the 
miniaturiZation of Whole body Was not advanced, so that it 
did not get so high temperature as to cause problems to the 
lighting circuit module by the heat of the ?uorescent arc 
tube. 

[0055] In the compact selfballasted ?uorescent lamp 
according to the tWelfth aspect of the invention, since all 
tube ends of the ?uorescent arc tube are placed so as to face 
the circuit board, the lighting circuit module Which is placed 
in proximity to the tube ends supporting electrodes thereon 
tend to be affected by the heat, hoWever, it is able to prevent 
from getting high temperature inside the housing by dissi 
pating heat via the thermal conductor ?lled in the housing. 

[0056] A luminaire according to the thirteenth aspect of 
the invention is characteriZed by that it is comprised of the 
compact selfballasted ?uorescent lamp according to any one 
of the ?rst to the tWelfth aspects of the invention and a 
luminaire main body to Which the compact selfballasted 
?uorescent lamp is mounted. 

[0057] In the luminaire according to the thirteenth aspect 
of the invention, it is able to provide a luminaire Which is 
provided With a compact selfballasted ?uorescent lamp 
having a function of any one of the ?rst to the tWelfth aspect 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0058] Amore complete appreciation of the present inven 
tion and many of the attendant advantages thereof Will be 
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readily obtained as the same becomes better understood by 
reference to the following detailed description When con 
sidered in connection With the accompanying drawings, 
Wherein: 

[0059] FIG. 1 is a partial perspective diagram shoWing the 
?rst embodiment of the compact selfballasted ?uorescent 
lamp according to the present invention; 

[0060] FIG. 2 is an exploded vieW of the compact self 
ballasted ?uorescent lamp shoWn in FIG. 1; 

[0061] FIG. 3 is a graph shoWing the differences of the 
lamp poWer temperature characteristic of the electrolytic 
capacitors by the existence of a thermal conductor; 

[0062] FIG. 4 is a sectional vieW shoWing the second 
embodiment of the compact selfballasted ?uorescent lamp 
according to the present invention; 

[0063] FIG. 5 is a sectional vieW shoWing the third 
embodiment of the compact selfballasted ?uorescent lamp 
according to the present invention; 

[0064] FIG. 6 is a graph shoWing the amount of the 
thermal conductor and the temperature of the circuit com 
ponents; 

[0065] FIG. 7 is a sectional vieW shoWing the fourth 
embodiment of the compact selfballasted ?uorescent lamp 
according to the present invention; 

[0066] FIG. 8 is a plan vieW of the ?uorescent arc tube 
shoWn in FIG. 7; 

[0067] FIG. 9 is an expansion vieW of the ?uorescent arc 
tube and the circuit board shoWn in FIG. 7; and 

[0068] FIG. 10 is a partial section side vieW of one 
embodiment of the luminaire according to the present inven 
tion; 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0069] Referring noW to the attached draWings, FIGS. 1 to 
10, some embodiments suitable to the present invention Will 
be explained hereinafter. 

[0070] FIG. 1 is a side vieW of the ?rst embodiment of the 
compact selfballasted ?uorescent lamp. FIG. 2 is an 
exploded vieW of the compact selfballasted ?uorescent lamp 
shoWn in FIG. 1. 

[0071] A housing 10 of the compact selfballasted ?uores 
cent lamp is made of heat-resistant synthetic resin such as 
polybutylene terephthalate (PBT). A bulb-base 20 ?ts on a 
cylindrical portion (hereinafter referred to as bulb-base 
?tting portion) 11 forming the ?rst end portion of the 
housing 10. A cup-like portion 12 forming a middle portion 
of the housing 10 gradually spreads doWnWards. A ?uores 
cent arc tube module mounting portion 14 forming the 
second end portion of the housing 10 is next to the mostly 
spreading end of the cup-like portion 12. Then, the housing 
has an outer surface area of about 5300 mm2. The ?uores 
cent arc tube module mounting portion 14 is de?ned tWo or 
more engaging depressions 13 along its circular inner Wall. 
Hereinafter, it is assumed that the bulb-base ?tting portion 
11 takes the upper position While the ?uorescent arc tube 
module mounting portion 14 takes the loWer position due to 
the convenience of the discussion. 
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[0072] A ?uorescent arc tube module 30, Which is 
mounted on the ?uorescent arc tube module mounting 
portion 14 in the loWer side of the housing 10 is comprised 
of a disk-shaped holder 40 made of a heat resistant synthetic 
resin such as a PBT resin and a ?uorescent arc tube 50 Whose 
tube ends are ?xed to the holder 40. TWo or more through 
holes (not shoWn) for receiving the tube ends of the ?uo 
rescent arc tube 50 are formed on the holder 40. Further 
more, a cylindrical frame is formed on the rim of the holder 
40. Furthermore, tWo or more engaging hooks 41 capable of 
engaging With the engaging depressions 13 formed on the 
inner Wall of the ?uorescent arc tube module mounting 
portion 14 are formed in extending from the upper end of the 
cylindrical frame. 

[0073] The ?uorescent arc tube 50 is composed of three 
U-shaped tubes 51 coupled together. Each U-shaped tube 51 
is made of a glass tube of circular section Whose outside 
diameter is about 8 to 13 mm. In this embodiment, its outer 
diameter is about 11 mm, and its inner diameter is about 9.5 
mm. Each of the U-shaped tubes 51 curves smoothly around 
its center, and then tWo straight portions extend in parallel 
from the ends of the curved portion. Then, these three 
U-shaped tubes 51 are arranged so that three planes each 
intersecting the tWo straight portions of each U-shaped tubes 
51 constitute three sides of an equilateral triangle. A phos 
phor ?lm is provided on the inner Wall of each U-shaped 
tube 51, and mercury and rare gas, e. g., argon are ?lled in the 
?uorescent arc tube 50. These three U-shaped tubes 51 are 
coupled by tWo coupling tubes 52. Then, one integrated 
crooked discharge path having a length about 280 mm is 
formed. Apair of electrodes 54 are disposed at the both ends 
of the ?uorescent arc tube 50, i.e., the both ends of the 
discharge path. 

[0074] The respective tube ends of the U-shaped tube 51 
of the ?uorescent arc tube 50 are inserted into the through 
holes de?ned in the holder 40, and ?xed thereto by silicone 
resin, etc. Hereby, a ?uorescent arc tube module 30, Wherein 
the ?uorescent arc tube 50 is held by the holder 40, is 
constituted. 

[0075] A lighting circuit module 60 is accommodated in 
the housing 10 in a state that the lighting circuit module 60 
faces the holder 40 of the ?uorescent arc tube module 30. 
The lighting circuit module 60 is provided With a disk 
shaped circuit board 61 Which faces the holder 40 of the 
?uorescent arc tube module 30 in parallel. On an upper side 
of the circuit board 61, i.e., a components mounting side 61a 
of the circuit board 61, Which faces the inner Wall of the 
housing 10, tWo or more circuit components 62 are mounted, 
Wherein an electronic lighting circuit for lighting a ?uores 
cent arc tube 50 at a high frequency region such as an 
inverter circuit is constituted. Since lead Wires of most of 
these circuit components 62 mounted on the components 
mounting side 61a of the circuit board 61 are inserted 
through the through-hole in the circuit board 61 and soldered 
to a printed-circuit side 61b at the bottom of the circuit board 
61. Furthermore, in order to avoid the problem of electric 
connection failures caused by thermal stresses applied to the 
circuit components 62 by the thermal expansion of the cured 
silicone resin 70, it is desirable that the silicone resin 70 has 
moderate ?exibility or elasticity after the silicone resin 70 
had been cured. An electrolytic capacitor 63 or a ?lm 
capacitor With relatively vulnerable heat-resistance is 
included in these circuit components 62. The electrolytic 
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capacitor 63 is mounted on the circuit board 61 in vertically 
position, and partially resides in the bulb-base ?tting portion 
11 of the upper part of the housing 10. Furthermore, on the 
printed-circuit side 61b, i.e., the back of the circuit board 61, 
a chip-like parts having package thickness 2 to 3 mm With 
relatively high heat resistance such as a recti?er, a diode 
bridge chip, a transistor, or a resistor are mounted. 

[0076] A lighting circuit module 60 is attached to the 
holder 40 by inserting the circuit board 61 across the 
engaging hooks 41 on the side opposite to the ?uorescent arc 
tube non-mounting side. 

[0077] The silicone resin 70 as a thermal conductor is 
?lled in the housing so that it covers the circuit components 
62 mounted on the lighting circuit module 60. 

[0078] TWo electric poWer supply Wires (not shoWn in 
?gure) led from the circuit board 61 are Wired in a gap 
betWeen the electrolytic capacitor 63 and the bulb-base 
?tting portion 11 and coupled to the bulb-base 20. 

[0079] As an example of the silicone resin 70 having the 
thermal conductivity, the viscosity before cured, and the 
hardness after cured as speci?ed in this embodiment, 
“CMA-431 A & B” etc available from Kabushiki-Kaisha 
Shin-Etsu Kagaku is quoted. The “CMA-431 A & B” has a 
viscosity before cured of 50 to 75 Pas, and a hardness after 
cured of 27 to 37 JIS-A, and including oligomers not more 
than D10 in 1280 ppm in the silicone resin 70. 

[0080] NoW, the process of assembling the compact self 
ballasted ?uorescent lamp of the present embodiment Will be 
explained. 

[0081] First, the holder 40 on Which the ?uorescent arc 
tube 50 and the lighting circuit module 60 are attached is 
inserted into the housing 10 from the opening, so that the 
engaging depressions 13 of the housing 10 loWer inner Wall 
and the engaging hook 41 formed on the holder 40 are ?xed. 
Then, a silicone resin 70 having a good thermal conductivity 
and ?uidity is poured into the housing 10 through the 
opening of the bulb-base ?tting portion 11 lying upside the 
cylindrical portion 11, thereby covering the circuit compo 
nents 62 mounted on the circuit board 61 sufficiently. At that 
time, the silicone resin 70 also contacts the inner Wall of the 
housing 10. Since an electrolytic capacitor 63 is consider 
ably large in siZe, the silicone resin 70 may be poured in the 
housing through the gap betWeen the inner Wall of the 
bulb-base ?tting portion 11 and the electrolytic capacitor 63 
accommodated in the cylindrical portion 11 using noZZle. 
OtherWise, the electrolytic capacitor 63 may be placed in the 
housing 10 after that the silicone resin 70 had been poured 
in the housing 10 and covered the other circuit components 
62 previously mounted on the circuit board 61 in the housing 
10. Here, the Way of pouring the silicone resin 70 is not 
limited, as long as the silicone resin 70 can be reliably 
contacted With both the circuit components 62 and the inner 
Wall of the housing 10. 

[0082] Thus, by pouring the silicone resin 70 from the 
bulb-base ?tting portion 11 above the housing 10, it is able 
to reliably ?ll the silicone resin 70 in the housing 10. 
Furthermore, since the silicone resin 70 is poured from the 
top of the housing 10, the silicone resin 70 ?oWs doWn 
toWard the circuit board surface 61 through betWeen the 
circuit components 62 by its oWn Weight, so as to improve 
the operating ef?ciency. 
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[0083] Then, the lighting circuit module 60 and the bulb 
base 20 are electrically coupled by tWo electric poWer 
supply Wires (not shoWn in ?gure), and the bulb-base 20 is 
?t on the bulb-base ?tting portion 11 of the housing 10 and 
then ?xed thereto by caulking. The compact selfballasted 
?uorescent lamp constructed as mentioned above obtains a 
light ?ux of about 810 lm With rated lamp poWer 13W by 
using a three-band emission ?uorescent substance for a 
phosphor ?lm. 

[0084] Finally, a glove 80 is mounted on the ?uorescent 
arc tube module mounting portion 14 at the bottom of the 
housing 10 and ?xed there With adhesives such as silicone 
resin. 

[0085] Here, in the compact selfballasted ?uorescent lamp 
of the present embodiment the ?uorescent arc tube 50 is 
covered by the glove 80, hoWever, the glove 80 is not 
necessarily required for the compact selfballasted ?uores 
cent lamp. 

[0086] According to the construction mentioned above, 
When the poWer of the lighting circuit module 60 of the 
compact selfballasted ?uorescent lamp is turned on, a start 
ing voltage is applied to across a pair of electrodes 54 of the 
?uorescent arc tube 50, and the ?uorescent arc tube 50 starts 
discharging to light the compact selfballasted ?uorescent 
lamp. 
[0087] Since each circuit component of the lighting circuit 
module 60 generates heat and the heat generated by the 
?uorescent bulb is conducted to the lighting circuit module 
60 during the lighting operation of the compact selfballasted 
?uorescent lamp, the temperature of the circuit component 
62 rises. HoWever, the heat is ef?ciently conducted to the 
housing 10 via the thermal conductor 70 and then dissipated. 

[0088] FIG. 3 is a graph shoWing temperature of an 
electrolytic capacitor for preheating 63 Which is coupled in 
parallel With the ?uorescent arc tube 50, that are measured 
by lighting a compact selfballasted ?uorescent lamp in 
Which a silicone resin 70 is ?lled in the housing 10 (a), and 
one in Which a silicone resin 70 is not ?lled up (b) With 
different lamp poWer. A lamp a and lamp b are identical 
excepting the existence of the silicone resin 70. The lamp 
poWer is changed by adjusting the applied voltage. 

[0089] As is evident from the graph shoWn in FIG. 3, in 
the compact selfballasted ?uorescent lamp Wherein a sili 
cone resin 70 is ?lled in the housing 10, the temperature of 
the housing 10 and the circuit components 62 covered by the 
silicone resin 70, for instance, the temperature of the elec 
trolytic capacitor for preheating 63 coupled in parallel With 
the ?uorescent bulb here is decreased in comparison With a 
conventional compact selfballasted ?uorescent lamp b 
Wherein a silicone resin 70 is not ?lled up. 

[0090] Hereby, it is able to provide a reliable lighting 
circuit module 60 by reliably protecting the circuit compo 
nents 62 from overheat. Hereby, it is able to provide an 
excellent compact selfballasted ?uorescent lamp by improv 
ing its operating life. 

[0091] Referring noW to FIG. 4, a second embodiment of 
the present Will be explained hereinafter. 

[0092] FIG. 4 is a sectional vieW of the second embodi 
ment, shoWing the state Where the bulb-base 20 is separated 
from the rest of the lamp body. 
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[0093] Here, the compact selfballasted ?uorescent lamp 
according to the present embodiment is the same as that of 
the ?rst embodiment excepting that the silicone resin 70 is 
?lled up in the housing 10. 

[0094] First, the lighting circuit module 60 constituted in 
the same Way as that of the ?rst embodiment is accommo 
dated in the housing 10, and the ?uorescent arc tube module 
30 is ?xed to the housing 10 by that engaging hooks 41 
formed on the holder 40 of the ?uorescent arc tube module 
30 are engaged to the engaging concave 13 formed portions 
formed on the inner Wall of the ?uorescent arc tube module 
mounting portion 14. Then, a silicone resin 70 having a good 
thermal conductivity and ?uidity is poured into the housing 
10 through the opening of the bulb-base ?tting portion 11 of 
the housing 10 lying upside the cylindrical portion 11, so as 
to be ?lled up around the circuit components 62 mounted on 
the circuit board 61. At the time of pouring the silicone resin 
70 in the housing, an electrolytic capacitor 63 Which is of 
considerably large siZe is accommodated in the bulb-base 
?tting portion 11. Thus, it may be poured by inserting a 
silicone resin 70 ?lling noZZle in a gap betWeen the inner 
Wall of the cylindrical portion 11 and the electrolytic capaci 
tor 63, or it may be poured into the lighting circuit module 
60 and cover the circuit components 62 before accommo 
dated in the housing 10. 

[0095] Here, in the present embodiment, since the silicone 
resin 70 is ?lled up Within the housing 10 over Whole, all 
circuit components 62 are covered by the silicone resin 70, 
as a result, they Will be thermally coupled With the housing 
10. Further, since the silicone resin 70 having ?uidity rises 
With its surface tension When it is ?lled up to the upper end 
of the bulb-base ?tting portion 11 of the housing 10, it could 
contact to the bulb-base 20, Which is ?t on the bulb-base 
?tting portion 11 under such a condition. Accordingly, since 
the heat inside the housing 10 is dissipated via the housing 
10 and the metal bulb-base 20 Which has high heat dissipa 
tion operation, the heat dissipation of the of the compact 
selfballasted ?uorescent lamp Will be much more effective 
With a large heat dissipation area. 

[0096] Since the silicone resin 70 contacts With almost 
Whole the components mounting side 61a, i.e., the upper 
side of the circuit board When a sWitching element such as 
PET is mounted on the printed-circuit side 61b, the heat 
developed by the circuit component mounted on the printed 
circuit side 61b is transmitted to the silicone resin 70 via the 
circuit board 61, so that the heat is dissipated effectively in 
the same. 

[0097] Then, a circumference edge at the bottom inner 
Wall of the housing 10 and a glove 80 opening circumference 
edge are ?xed With adhesives such as a silicone resin. 

[0098] Here, in the compact selfballasted ?uorescent lamp 
according to the present embodiment, the ?uorescent arc 
tube 50 is covered by the glove 80, hoWever, the glove 80 
is not necessarily required for the compact selfballasted 
?uorescent lamp. 

[0099] According to the construction mentioned above, 
When the poWer of the lighting circuit module 60 of the 
compact selfballasted ?uorescent lamp is turned on, a start 
ing voltage is applied to across a pair of electrodes 54 of the 
?uorescent arc tube 50, and the ?uorescent arc tube 50 starts 
discharging to light the compact selfballasted ?uorescent 
lamp. 
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[0100] Accordingly, the lighting circuit module 60 and the 
?uorescent arc tube 50 develop heat during lighting the 
compact selfballasted ?uorescent lamp, and the circuit com 
ponents of the lighting circuit in the housing is heated. 
HoWever, by ?lling up the silicone resin 70 to the ?rst end 
portion of the housing 10, it is able to transmit and dissipate 
heat of the circuit components to the housing 10 and the 
bulb-base 20 effectively, so as to improve the reliability of 
the lighting circuit module 60. 

[0101] Referring noW to FIG. 5, a third embodiment of 
the compact selfballasted ?uorescent lamp according to the 
present invention Will be explained hereinafter. 

[0102] Here, in the third embodiment of the present inven 
tion, the silicone resin 70 is ?lled in the housing to the extent 
that it does not close the safety valve 63a of the electrolytic 
capacitor 63, While it shields the space betWeen the housing 
10 inner Wall and the circuit board 61 so that Warm air heated 
in by the ?uorescent arc tube 50 not to How in the housing 
10. Here, the holder 40 is made of the synthetic resin 
containing ?ame retardant. Other con?gurations are the 
same as those of the ?rst and the second embodiments. 

[0103] That is, the holder 40 of the ?uorescent arc tube 
module 30 is comprised of, e.g., brominated polycarbonate, 
PET and Sb203, Which are synthetic resins containing ?ame 
retardant. 

[0104] After combining the lighting circuit module 60 to 
the holder 40, the ?uorescent arc tube module 30 is ?xed to 
the ?uorescent arc tube module mounting portion 14 at the 
loWer portion of the housing 10, so that the lighting circuit 
module 60 is accommodated in the housing 10. Then, a 
silicone resin 70 is poured in the housing 10 from the 
opening of the bulb-base ?tting portion 11 of the housing 10 
lying upside the cylindrical portion 11. When the silicone 
resin 70 is poured in the housing 10, a silicone resin 70 
?lling noZZle is inserted in a space betWeen the bulb-base 
?tting portion 11 inner Wall and the electrolytic capacitor 63 
so that the silicone resin 70 is not poured on the safety valve 
63a mounted on the components mounting side of the 
electrolytic capacitor 63 in the bulb-base ?tting portion 11, 
but the silicone resin 70 is ?lled up to the ?rst end portion 
of a cup-like portion 12 of the electrolytic capacitor 63 from 
the components mounting side 61a of the circuit board 61 at 
the bottom end of the housing 10. 

[0105] By ?lling up the silicone resin 70 almost inside the 
cup-like portion 12 of the housing 10, all circuit components 
62 mounted on the circuit board 61 are ?lled in the silicone 
resin 70 excepting the electrolytic capacitor 63, Whose head 
exposes out of the silicone resin 70. Here, the gap betWeen 
the loWer portion of the housing 10 and the circuit board 61 
is sealed by the silicone resin 70. 

[0106] Then, a glove 80 for covering the ?uorescent arc 
tube 50 is mounted on the loWer end of the housing 10 and 
?xed there With adhesives such as a silicone resin. Then, the 
bulb-base 20 is ?t on the bulb-base ?tting portion 11 of the 
housing 10 and then ?xed thereto by caulking, thereby the 
assembling of the compact selfballasted ?uorescent lamp is 
completed. 

[0107] Since the compact selfballasted ?uorescent lamp 
constructed as mentioned above performs lighting of the 
required lamp output after being miniaturiZed, the ?uores 
cent arc tube 50 reaches high temperature during lighting. In 
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order that the holder 40 has a ?ame retardance, Which is able 
to bear the high temperature, a bromine compound added to 
the synthetic resin decomposes in response to the high 
temperature heat and ultraviolet rays of the ?uorescent arc 
tube 50, so as to generate bromine gases such as bromophe 
nol. HoWever, since the circuit components 62 inside the 
housing 10 is isolated from the holder 40 by the circuit board 
61, and they are also ?lled in the silicone resin 70, in 
addition, the bottom surface sealing portion 63b of the 
electrolytic capacitor 63 is covered by the silicone resin 70, 
they are blocked off from the bromine gases generated form 
the holder 40, and not receive any bad effect such as 
corrosion by the bromine gases. 

[0108] Here, in the compact selfballasted ?uorescent lamp 
of the present embodiment the ?uorescent arc tube 50 is 
covered by the glove 80, hoWever, the glove 80 is not 
necessarily required for the compact selfballasted ?uores 
cent lamp. 

[0109] When the poWer is turned on in the compact 
selfballasted ?uorescent lamp mentioned above, a starting 
voltage is applied across a pair of electrodes 54 of the 
?uorescent arc tube 50 from the lighting circuit module 60, 
and the ?uorescent arc tube 50 starts discharging to light the 
compact selfballasted ?uorescent lamp. 

[0110] Thus, even though the holder 40 is made of the 
synthetic resin containing ?ame retardant, the circuit com 
ponents of the lighting circuit do not receive any bad effect 
such as corrosion by the bromine gases since they are 
blocked off by a silicone resin 70 from the bromine gases 
generated from the synthetic resin containing ?ame retar 
dant. Further, by ?lling up the silicone resin 70 in almost 
entire of the housing 10, heat of the housing 10 and the 
bulb-base 20 is dissipated through the silicone resin 70, and 
the circuit components 62 of the lighting circuit are pre 
vented from overheating, so as to improve the reliability of 
the lighting circuit module 60. 

[0111] FIG. 6 is a graph comparatively shoWing tempera 
tures of the electrolytic capacitor 63 among the circuit 
components in a conventional compact selfballasted ?uo 
rescent lamp (conventional lamp A) Where no silicone resin 
is employed, another conventional compact selfballasted 
?uorescent lamp (conventional lamp B) Wherein a silicone 
resin is ?lled up in a gap betWeen the holder 40 of the 
?uorescent arc tube module 30 and the circuit board 61 of 
the lighting circuit module 60 Without leaving any space, a 
compact selfballasted ?uorescent lamp according to the 
present invention (the third embodiment C) Wherein a sili 
cone resin 70 is ?lled in the housing up to the bottom end of 
the bulb-base ?tting portion 11 thereby the upper half of the 
electrolytic capacitor 63a exposes from the silicone resin 70, 
and another compact selfballasted ?uorescent lamp accord 
ing to the present invention (the fourth embodiment D) 
Wherein a silicone resin 70 is ?lled up in the housing up to 
a height capable of contacting the innermost portion of the 
bulb-base 20 ?t on the bulb-base ?tting portion 11. Those 
compact selfballasted ?uorescent lamps A to D are identical 
excepting the existence of the silicone resin 70, and the 
temperature of the electrolytic capacitor 63 is measured by 
lighting them With the same lamp poWer 10 W. 

[0112] As is evident from the graph shoWn in FIG. 6, 
When comparing the compact selfballasted ?uorescent lamp 
A Wherein the silicone resin 70 is not ?lled up and the 
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compact selfballasted ?uorescent lamp B Wherein the sili 
cone resin 70 is ?lled up betWeen the holder 40 of the 
?uorescent arc tube module 30 and the circuit board 61 of 
the lighting circuit module 60, the temperature of the elec 
trolytic capacitor 63 is higher in the lamp B than that in the 
lamp A. This means that When the silicone resin 70 is ?lled 
up betWeen the ?uorescent arc tube module 30 and the 
lighting circuit module 60 heat from the ?uorescent arc tube 
50 is conducted to the lighting circuit module 60, thereby the 
temperature inside the housing rises on the contrary. 

[0113] In the third embodiment C Wherein the silicone 
resin 70 is ?lled up to the bottom end of the bulb-base ?tting 
portion 11, the temperature of the electrolytic capacitor 63 
decreases signi?cantly compared With the conventional 
lamps A and B. Moreover, in the fourth embodiment D 
Wherein the silicone resin 70 is ?lled up in the housing 10 
from the disk surface of the holder 40, that is, up to the top 
end of the bulb-base ?tting portion 11, the temperature of the 
electrolytic capacitor 63 decreases furthermore compared 
With the third embodiment C, hoWever, the difference is not 
so much remarkable. 

[0114] This means that by ?lling up the silicone resin 70 
in the housing 10 from the components mounting side of the 
circuit board 61 of the lighting circuit module 61 accom 
modated in the housing 10 up to reach a height Where a 
substantial part of the circuit components 62 is buried in the 
silicone resin 70 the temperature of the circuit component 62 
is deteriorated remarkably, thereby the reliability of the 
lighting circuit module 70 is improved. Hereby, it is able to 
provide an excellent compact selfballasted ?uorescent lamp 
Which has a long life. 

[0115] Referring noW to FIGS. 7 to 9, a fourth embodi 
ment of the present invention Will be explained hereinafter. 
FIG. 7 is a sectional vieW shoWing the compact selfballasted 
?uorescent lamp according to the fourth embodiment of the 
present invention, FIG. 8 is a plan vieW of the ?uorescent 
arc tube shoWn in FIG. 7, and FIG. 9 is an expansion vieW 
of the ?uorescent arc tube shoWn in FIG. 7. 

[0116] The compact selfballasted ?uorescent lamp is pro 
vided With an outer enclosure Which is comprised of a 
housing 10, a bulb-base 20, and a glove 80, a ?uorescent arc 
tube 50 Which is attached to a holder 40 and then accom 
modated in the outer enclosure, and a lighting circuit module 
60. 

[0117] The compact selfballasted ?uorescent lamp is 
shaped in a height of 75 to 105 mm from the bulb-base 20 
to the glove 80 and 34 to 45 mm in diameter of the glove 
portion having the maximum diameter, in order to be accom 
modated in almost the same pro?le as that of the miniatur 
iZed incandescent lamp, e.g., the mini-krypton type incan 
descent lamp. 

[0118] The housing is made of a heat-resistant synthetic 
resin such as polybutylene terephthalate (PBT), an Edison 
E17 type bulb-base 20 is ?t on the cylindrical portion of the 
housing 10 and then ?xed thereto by adhessive bonding or 
caulking, its cup-like portion 12 extends to the opposite 
direction to the bulb-base ?tting portion 11 in the taper 
shape, and a ?uorescent arc tube module mounting portion 
14 is formed at its extended end of the cup-like portion. 

[0119] The ?uorescent arc tube 50 has three-U-shaped 
tubes 51, and these bulbs 51 are coupled by tWo coupling 
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tubes 52 so that that the planes of the U-shaped tubes 51 
extending through those straight tube portions faces each 
other, then the electrodes 54 are placed at the base ends of 
the straight portion of the U-shaped tubes 51 Which are 
placed at the opposite both ends. 

[0120] Each U-shaped tube 51 is made of a glass tube of 
circular section Whose outside diameter is about 5 to 10 mm. 
In this embodiment, its outer diameter is about 8.0 mm, and 
its inner diameter is about 6.5 mm. Each of the straight tube 
portions of the U-shaped tubes 51 placed on both sides 
Which do not have the electrode is coupled to next the 
straight tube portion of the U-shaped tube 51 placed at the 
central With a coupling tube 52. Each U-shaped tube is about 
35 to 40 mm high. Here, the height H1 of the central 
U-shaped tube 51 and the height H2 of the U-shaped tubes 
51 of both sides have the relation of H1>H2. Here, the term 
“height” of the U-shaped tube means the distance betWeen 
the base end of the straight tube to the top of the U-shaped 
portion of the U-shaped tube. 

[0121] As a result, the ?uorescent arc tube 50 Whose 
U-shaped tubes 51 are coupled With the coupling tubes 52 
Will form a 120 to 200 mm long discharge path. Each 
coupling tube 52 is formed over the through-hole Which is 
opened on a speci?c portion near the tube end of the straight 
tube of the U-shaped tube 51 by melting With heat. 

[0122] The ?uorescent arc tube 50 is closed by pinch 
sealing, that is the basic portion of the straight portion of the 
U-shaped tube 51 is softened by heat and then pinched out. 

[0123] Further, ?ne tube 53 called exhaust tubes are 
protruded from the tube ends of the U-shaped tubes 51 on 
both sides Which are not mounted With electrode 54 and one 
tube end of the central U-shaped tube 51 in communication 
With each U-shaped tube. Some ?ne tubes 53 are sealed 
beforehand by melting in the process of assembling the 
U-shaped tubes 51, thereby an air inside the U-shaped tubes 
51 is exhausted through other ?ne tubes, and enclosure gases 
are enclosed there, then the U-shaped tubes are sealed. 

[0124] The ?ne tube 53 of the central U-shaped tube 51 is 
closed after enclosing main amalgam 90 in it. This main 
amalgam 90, Which is an alloy made of mercury, bismuth, 
and indium in a shape of a sphere, is uses to control the 
mercury vapor pressure in the U-shaped tubes 51 in a proper 
range. Here, as an amalgam 90, a mercury alloy such of a tin 
and a lead may be used in addition to that of bismuth and 
indium. Furthermore, in each U-shaped tube 51 at the both 
end an auxiliary amalgam 91 having the same mercury 
vapor pressure as that of the main amalgam 90 is enclosed 
by supported by the Wells of the electrode 54. Furthermore, 
in a straight portion of the central U-shaped tube 51 at the 
basic portion Where a ?ne tube 53 is not mounted on, an 
auxiliary amalgam 91 is enclosed by supported by a support 
Wire. 

[0125] Then, after the tube end portion of the straight tube 
of each U-shaped tube 51 is inserted in the through-hole 
de?ned in the holder 40, adhesives such as a silicone resin 
are applied to the other side of the holder 40, thereby the 
?uorescent arc tube 50 is ?xed on the holder 40. 

[0126] The lighting circuit 60 is comprised of a disc-like 
circuit board 61 placed on the loWer portion of the housing 
10 and tWo or more circuit components 62 mounted on either 
upper side or both upper and loWer sides of the circuit board 
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61, Whereon the an inverter circuit for lighting ?uorescent 
arc tube 50 at a high frequency region, that is a high 
frequency lighting circuit is constituted. 

[0127] When the circuit component 62 is mounted on the 
both upper and loWer sides of the circuit board 61, a circuit 
component 62 Which is relatively vulnerable to heat such as 
a ?lm capacitor or a large-siZed circuit component such as 
an electrolytic capacitor 63 are arranged on a top side 61a of 
the circuit board 61 Which faces the inside of the housing 10, 
on the other hand, a tip-shaped circuit component 62 such as 
REC of a recti?er or a diode bridge, a transistor, or resistance 
Which is relatively strong against heat and small height is 
arranged on the bottom side Where the printing Wiring is 
Wired Which faces the holder 40 of the ?uorescent arc tube 
module 30. 

[0128] The ?ne tube 53 enclosing a main amalgam 90 of 
the ?uorescent arc tube 50 is inserted in the through-hole 61c 
of the circuit board 61, and a sWitching element such a ?eld 
effect transistor (FET) is arranged on the components side 
61a of the circuit board 61 near the through-hole 61c. That 
is, since the main amalgam 90 in the ?ne tube 53 and the 
sWitching element of the lighting circuit module 60 are 
arranged close to each other, the main amalgam 90 is 
Warmed quickly and evaporates by the heat of the sWitching 
element Which generates heat relatively fast among the 
circuit components 62 at the starting time of the compact 
selfballasted ?uorescent lamp, then the mercury vapor pres 
sure in the ?uorescent arc tube 50 rises also quickly, so that 
it is able to improve the lighting start-up characteristic. 

[0129] As shoWn in FIG. 8, the in a ?uorescent arc tube 
50, the Width “a” of the central U-shaped tube 51 is 30 to 35 
mm. When the depth of the ?uorescent arc tube 50 along the 
parallel direction of the U-shaped tube 51 is denoted as b, 
and the Width of the U-shaped tube 51 at the both side is 
denoted as c, they are related as folloWs. 

[0130] As an example Which satis?es above equations, for 
instance, the Width “a” of the central U-shaped tube 51 is 
about 32 mm, the Width “c” of the U-shaped tubes 51 at the 
both sides is about 26 mm, and the depth “b” of the 
?uorescent arc tube 50 is about 26 mm. In this case, the 
height of the central U-shaped tube 51 is 37 mm, and that of 
the U-shaped tubes 51 at the both ends is 34 mm. 

[0131] When the depth “b” of the ?uorescent arc tube 50 
exceeds 0.9a, the Width of the ?uorescent arc tube 50 in its 
diagonal direction is Widened excessively, thus, it is not 
suitable for a miniaturiZation. When the Width b is 0.75a or 
less, light on a radial plane of the ?uorescent arc tube is 
distributed unevenly excessively, thus it is not desirable. 
When the Width “c” of the U-shaped tubes 51 at the both 
sides exceeds 0.9a, the Width of the ?uorescent arc tube 50 
in its diagonal direction is Widened excessively, thus, it is not 
suitable for a miniaturiZation. When the Width “c” is 0.75 or 
less, the length of the discharge path of the ?uorescent arc 
tube 50 is excessively shortened, thereby the lamp ef?ciency 
is deteriorated. 

[0132] When the Width b of the ?uorescent arc tube 50 is 
Within a range mentioned above, since each U-shaped tube 
51 is arranged close to each other, the Width “c” of the 
U-shaped tubes 51 at the both sides is able to be elongated. 










